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Abstract:
Lyman-break galaxies (LBGs) are star-forming galaxies found at high redshift that provide large 
amounts of information on early star and galaxy formation. We use large-scale cosmological 
smoothed-particle hydrodynamical simulations to simulate the physical properties of LBGs, 
such as stellar mass, star-formation rate, and magnitude. In particular, we focus on the 
question of which dark matter (DM) halos host LBGs. Our simulation suggests that only 1.74% 
of DM halos host LBGs, though among the massive DM halos with mass Mhalo >1011.5 Msun, the 
fraction is 51.93%. The occupation number of LBGs ranged from 1 to 17 per halo. 
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What are Lyman-break Galaxies?
๏ Lyman-break galaxies (LBGs) are galaxies found at high 
redshifts with high star-formation.
๏ LBGs are found using the Lyman-break technique.
A sub-sample of Lyman Break Galaxies (most are disc galaxies).
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How LBGs are found
๏ LBGs are visible on different filters.
๏ As seen in the image above, the object circled in blue is visible 
on the Red and Green filters, but is invisible in the UV filter. 
This feature, characteristic of LBGs is “UV dropout”.
๏ The Lyman-break technique uses this feature to find LBGs.
http://www.astro.caltech.edu
What is Lyman-break Technique?
๏ The Lyman-break technique was developed in the mid-1970s.
๏ The Lyman-break technique is a set color criteria to identify 
star-forming galaxies at high-redshift through multi-band 
imaging across the 912 Å Lyman-continuum discontinuity.
There are about 4000 galaxies in the image, of which about 150 are candidate 
extremely distant galaxies. (~ Pettini 2003)
An illustration of the principles behind the Lyman break technique. Lyman 
break galaxy spectrum z~ 3 from Pettini(2003).
Lyman-break Galaxies in a 
Color-Color Plot
๏ LBGs are found by 
doing a color-color plot.
๏ Color-color plot is 
constructed by plotting 
values of each object in 
a particular filter range.
๏ Among all the galaxies 
in the plot, only the 
ones in yellow shaded 
meet the criteria for a 
LBG.
The shaded region shows how the 140 candidate 
Lyman break galaxies are selected. (~ Pettini 2003)
Methods
‣  Simulation (Choi & Nagamine ‘09ab, ’10):
     Gadget-3 (Springel ’05)
     Lambda CDM cosmological SPH simulation.
     6003 particles x 2, 100 Mpc.
Star formation and supernova feedback
Redshift z = 3 
Cosmological Time: 2.19 billion years since Big Bang 
Look-back time: 11.5 billion years.
‣  SED’s:
Bruzual and Charlot 2007 Stellar Population Synthesis. 
Madau Absorption in IGM (Madau ’95).
Calzetti Dust Extinction in ISM. (Calzetti ’97)
Dust extinction value : E(B-V)=0.15
‣  Magnitudes:  AB (Oke and Gunn ’83)
Across HST filter sets UV centered at 1700
‣ Data Assembly:
Number count diagram
Fraction plot
SFR vs. Mhalo
Mhalo vs. Mstar Ωm=0.26   ΩΛ=0.76   Ωb=0.044   h=0.72   σ8=0.80
What are Dark Matter Halos?
๏ Dark matter (DM) halo is 
a hypothetical 
component of a galaxy. 
DM cannot be 
observed, but their 
existence is inferred 
from their effects on the 
motions of stars and 
gas in galaxies.
๏ DM halos plays a key 
role in the current 
models of galaxy 
formation and evolution.
Projected density plot of a redshift z = 2.5 dark 
matter halo from a cosmological N-body 
simulation. The visible part of the galaxy (not 
shown in the image) lies at the dense centre of 
the halo.
Dark Matter in Simulation
Dark matter structures
in our simulation box.
Run: N600L100w5psfmcvw1.5ME
z:  3
Number of LBGs in a DM Halo DM Halo Fraction Count
Dark Matter Halo
  
 
๏ What we consider as DM 
halo while finding LBGs.
๏ The same DM halo shown 
above, but considered as a 
sphere.
๏ Blue points represent DM.
๏ Red points represent stars.
๏ LBGs are shown in the DM 
halo with respect to their 
magnitude in the R band: 
fainter LBGs are colored red 
and brighter LBGs are 
colored blue.
๏ We use cut of R band 
magnitude ≤ 25.5 to find 
LBGs.
A DM halo in the N600L100 
simulation (Halo ID: 0).
Halo Occupation of LBGs
From the simulation run (N600L100 at z=3), we located DM halos using Friends-of-Friends algorithm to locate DM halos and galaxies 
using P-StarGroupFinder algorithm. LBGs were selected from the galaxy list using R band magnitude ≤ 25.5 cut. 
The ‘Number of LBGs in a DM Halo’ plot helps us to see the distribution of DM halos with respect to their masses against the 
population of LBG in them. As the plot shows, there is a increase in total number of LBGs in halos as the mass increases, to a 
maximum of 17. 
The ‘DM Halo Fraction Count’ plot helps to see the fraction of halos with different number of LBG population. It is shown that a large 
number (153,162) of halos have 0 LBGs in them, which is about 98.26%. Which leaves about 1.74% with LBGs, a truly small value. It 
is also noticeable that a majority of halos with mass > 1011.5 Msun has LBG population ≥ 1, about 51.93% (of all halos with 
mass > 1011.5 Msun). 
Star-formation Rate Stellar Mass
Physical Properties of LBGs
LBGs are studied due to their contribution to the stellar content of the universe and their connection to the galaxies observed in the 
present-day universe. They provide the richest source of information on galaxies’ properties in the high redshift universe.
An obvious important issue in understanding both the evolution of the individual galaxies and their contribution to the cosmic stellar 
mass budget is the star-formation activity of the LBGs. The ‘Star-formation Rate’ plot shows LBG’s star-formation rate against it’s 
host DM halo’s mass.
Measuring the stellar mass assembled in LBGs and the  age of the stars at z~3 and higher is very important in constraining the link to 
galaxies observed at later cosmic times. The ‘Stellar Mass’ plot shows the relationship between LBG’s stellar mass and it’s host DM 
halo’s mass.
The plots above show a direct relationship between star-formation rate, stellar mass and halo mass. As the halo’s mass increases, 
the upper limit star-formation rate increases leading to increase in stellar mass. As we can see there are many halos with a wide 
variety of LBGs, from low star-formation to high star-formation, low stellar mass to high stellar mass.
Acknowledgements, Conclusion and References:
Conclusion
๏ We find that only a very small percentage, ~1.74% of DM 
halos at z = 3 contain LBGs.
๏ A majority of DM halos (~ 52%) that host LBGs have a halo 
mass greater than 1011.5 Msun.
๏ Among various questionable results, we found that there 
are DM halos with LBGs ranging from 1 to 17.
๏ As halo’s mass increases, the upper limit of star-formation 
rate increases, leading to increase in stellar mass.
๏ Currently we are in progress of discussing our findings with 
an observer to verify our observations.
References
Calzetti D., 1997, AJ, 113, 162
Choi J., Nagamine K., 2009, MNRAS, 395, 1776 
Madau P., 1995, ApJ, 441, 18
Giavalisco M., 2002, ApJ, 579, 40
Oke J. B., Gunn J. E., 1983, ApJ, 266, 713
Pettini M., 2008, ArXiv e-prints
Springel V., 2005, MNRAS, 364, 1105
Acknowledgements
I would like to thank Dr. Kentaro Nagamine for being my mentor and guiding me, 
Jason Jaacks for his data and answers, and Dr. Jun-Hwan Choi for helping me 
understand the simulation. This work is supported in part by the NSF grant 
AST-0807491, NASA grant HST-AR-12143-01-A, National Aeronautics and  Space 
Administration under Grant/Cooperative Agreement No. NNX08AE57A issued by 
the Nevada NASA EPSCoR program, and the Presidents Infrastructure Award from 
UNLV. Future works will include development of dust extinction code to get a 
better value for magnitudes of galaxies. Finally, I would like to thank the 
Department of Astronomy and Physics for their ongoing support of undergraduate 
research and making this possible.
